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Executive Summary 
Unmanned aerial vehicles (UAV) are becoming more efficient and widely used. The 
military uses UAV’s because it greatly reduces civilian and combatant deaths and injuries. UAV’s 
also are used in search and rescue mission to find distress civilians. The team wanted to create an 
UAV for search and rescue missions and military applications. The aircraft needed to be compact, 
perform better than other UAV’s, and be low cost. The team did reach a successful aircraft that 
meet the design requirements. The aircraft was successfully sized around the electronics and 
allows utilization of additive manufacturing techniques. Project management techniques showed 
that with utilization of Work Breakdown Structure (WBS) chart, the team managed to specifically 
outline the scope of the project with very limited time. 
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Chapter 1: Introduction 
1.1 Introduction 
 In today’s world, Unmanned Aerial Vehicles (UAV) are more efficient for their intended 
design. Many newer designs are currently used for dangerous tasks, like fighting wildfires, 
evaluating Search and Rescue (SAR) search areas, and even used commercially for mapping out 
terrain. The technological improvements allow safer working conditions for humans, lower cost 
of operation, and live visual and audio updates on the work. SAR industries includes military and 
civilian operations.  
 With the use of UAV operation is now completed at lower cost, safety is also continually 
improved since less people are involved. One of the way to attempt to make an efficient UAV for 
SAR application, there must be experiment of topics that believes in huge aerodynamic efficiency 
and is capable of being assembled in short amount of time. One such topic is using elliptical wing, 
which is known for being on the Supermarine Spitfire. The elliptical wing is consistent to improve 
endurance of the aircraft. The group intends to present their finding through the design constrain 
for optimization of SAR operations in this report. 
1.2 System Overview 
This project was originally divided into two separate sub-missions. The first sub-mission 
is to develop an airframe design that will be taken into consideration for the overall mission. The 
team targeted this by calculating the aircraft sizing, designing the aircraft by sketching on paper 
and making it on Solidworks, conduct Computational Fluid Dynamics (CFD) to understand the 
aerodynamic performance, selecting the materials for the aircraft, and selecting and conducting 
manufacturing and trade studies for the process. 
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The second sub-mission contains purpose relating to detailing the aircraft. This will also 
involve completely detailing the entire manufacturing process, which will generate accurate cost 
of the aircraft. Another task for this sub-mission is to consider the container and find a way to 
attach to the intended rucksack. The location of this container is very critical because the specific 
location will determine the length of time for aircraft assembly. The second sub-mission will only 
apply if the team managed to get to this task before the conclusion of 15 weeks.  
1.3 Objective 
 The intended design of this project is to design a theoretical airframe of the UAV for the 
intended purpose of Combat Search and Rescue (CSAR). The aircraft will be secured to a 
protective container, that will fit inside a Soldier’s rucksack. If needed to gather intelligence for a 
CSAR mission, the scouting soldier will be able to remove the container from the rucksack, turn 
on the UAV and the controller, and hand launch the aircraft. The aircraft will then fly to the search 
area and search for the person in distress. A live feed video will be provided for view to the pilot 
and other personnel participating in the search. When the rescue is completed, the aircraft will fly 
back to the pilot and land safely, where it will be quickly disassembled and stored back into the 
container. The container will then go back into the rucksack. 
1.4 Justification 
 The idea of using UAV in SAR missions in a battlefield would reduce the number of lives 
needed to successfully conduct the mission. When comparing current technologies for combat 
CSAR missions, the current cost is substantially large per hour. Assuming the mission for a 
downed pilot in the battle field requires some intelligence through MQ-1 Predator, the cost per 
hour of the mission is calculated in Table 1.4.1 shown below: 
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The cost signified on Table 1.4.1 signifies the estimated cost of SAR mission per hour. In 
order to reduce the cost of the operation in the field, it is best idealized to redevelop the way UAV 
is used in mission. By designing a hand-launched UAV, the cost can be greatly reduced due to the 
size of the system.  
1.5 Project Background 
 When the team gathered to brainstorm potential topics, most of the ideas created were fixed 
wing.  But however, the group also investigated generating a quadcopter frame, and eventually 
placing a wing to allow tilt-rotor configuration, but was determined not very aerodynamics, which 
will limit the range and endurance. When the team researched in deeper details on potential 
designs, fixed-wing aircrafts that contains higher aspect ratio would be most efficient. With higher 
efficiency, the aircraft can sustain flights with longer range and endurance.  
The team strongly believes that a UAV that maintains stealth and great quality video feed 
to be enough to conduct the operation. Common knowledge in the medical field are known that 
typical rescues are critical within the first hour, which is known as “golden hour”. Golden hour 
will determine whether the rescued will live or meet their demise. 
Segment Cost ($/hr) 
Predator UAV mission w/ footage (estimated) 2500-3500 
Cost of UH-60 Black hawk flight (from new source), 2 
helicopters 
5212 
Average cost per 12 soldiers at battlefield for rescue mission 
(estimated at $2.1 million/year) 
2876.64 
Grand Total (Estimated) 10588.64 - 11588.64 
Table 1.4.1 – MQ-1 Predator Cost 
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1.6 Problem Statement 
Intelligence must be gathered for a sustained SAR mission. This would need to be 
approached stealthily using a UAV aircraft. The system must be low cost, easy to maintain, 
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Chapter 2: Trade Studies 
2.1 Trade Studies 
 Research has been conducted to determine the best type of battery to be used in the drone 
as the main power source. The team has discovered longest lasting quad-copter drones can last 
approximately half an hour (Pencer). This led the team to consider designs in the shape of a glider. 
The best kind of battery which could be used for the drone at this point in our research is 
determined to be a lithium polymer battery. The main features which led to this decision are the 
lithium polymer is lightweight and can be made in almost any shape (Schneider). Looking at the 
amount of current we would like to draw out of the batter to power the cameras, electric motor, 
and servomechanism the approximate weight of the battery will be between 500-900 grams (Tom). 
More accurate analysis of the battery including cost will be completed throughout the project.  
Research of off the shelf cameras is also being done to determine the best cameras to be 
installed into the aircraft. At this point in the project a FLIR brand camera has been selected as the 
main surveillance camera. The FLIR Vue pro power camera was chosen because of three main 
features. The first feature is the camera will be able to get a clear view from our design altitude. 
The second feature is having the ability to use a thermal lens, which will greatly increase the utility 
of the drone at night or in other low visibility settings. The final feature is the FLIR camera can 
stream the picture directly to the pilot as well as a command station (FLIR).  
Research of the electric motor and propellers is being done to consider the proper 
propulsion required for the aircraft. The main types of electric motors for drones include brushed 
and brushless. The components of an electric motor include a rotor and stator (getfpv.com). The 
size of the stator typically influences the amount of torque a motor can produce (getfpv.com). The 
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team will have to carefully consider the amount of torque needed to power the drone as having a 
larger stator will increase the weight of the craft.  
One of the possible design solutions the team is considering are gliders with low airspeed 
to implement this design research of low speed airfoils is being conducted. Specifically, studies 
done by the University of Illinois. As the project progresses the team will evaluate the design 
choice and consider weather this area will need to be researched in-depth.   
Research in creating a drone that can be stealth has begun. The areas that stealth is 
presented in is the vehicles shape, materials, and the coating that is used. The most efficient way 
to reflect radar waves back to the emitting radar is with orthogonal metal plates, forming a corner 
reflector consisting of either a dihedral (two plates) or a trihedral (three orthogonal plates). Using 
a non-metallic airframe also helps making a vehicle transparent on radar. Also, painting the vehicle 
with Iron Ball point which obtains microscopic iron spheres that resonate in tune with incoming 
radio waves and dissipate most their energy as heat, leaving little to bounce back to (Daftardar). 
Many more UAV systems are small and compact. For example, BAI Aerosystems (Easton, 
Md.), a subsidiary of L3 Communications, makes a backpack-able unit called the Evolution, with 
a 16 cm/64-inch wingspan and a gross takeoff weight of 8 lb/3.63 kg. A rifle-style pneumatic 
launcher or even just a strong arm gets the modular, snap-together aircraft flying. The electric 
powered Evolution won kudos for its success in post-Katrina New Orleans, where 10 of the UAVs 
were deployed to search for survivors and photograph storm damage. (Black) 
Material selection is a very important factor for making a UAV light, strong, and low cost 
as possible. The increasing demands of creating a material light weight, strong, but also having the 
capabilities to be flexible and easily formed for its design is crucial. 3D printing is becoming a 
growing business especially in the UAV industry. 3D printing lets manufactures develop new 
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products and capabilities to the business that were not available before. Companies like Clearwater 
Composites LLC which produces a line of carbon fiber tubing and plates it supplies to 
manufacturers of industrial equipment, robotics, aerospace, sporting goods and UAVs (Legault). 
These tubes are primarily made by roll-wrapping unidirectional carbon fiber epoxy prepeg on a 
mandrel and can be made in a variety of shapes, carbon fiber modulus grades, and thicknesses. 
These companies can create custom-tapered, thin-walled tube, which are round at one end and 
tapers to an oval shape at the other end. 
Fixed-wing Venturer UAV is another great example of a small lightweight aircraft that has 
materials selected for long duration flights that can last more than 10 hours. The plane wings are 
comprised of a semi-monocoque with foam cores which the fuselage is made from the same idea 
but without foam cores. The airframe is molded from carbon fiber prepreg. Swift Engineering Inc. 
can manufacture compression mold propeller blades that are made from carbon fiber reinforced 
epoxy. The build time for these propeller blades took 30 hours and were manually abraded and 
sealed with a two-part epoxy, yielding a surface finish roughness average of 0.4 µm (Legault). 
Another selection for a material is high-density polyethylene which can be reinforced with 
chopped carbon fibers produce by a company called Impossible Objects. This company is securing 
commercial applications that will involve new, high-temperature-resistant, carbon fiber/nylon and 
carbon fiber/PEEK materials. 
The Predator, which is a military UAV, is an all-composite aircraft using primarily 
carbon/epoxy prepregs and cured in the autoclave. However, fiberglass is used in the aircraft’s 
radome and to promote “flexibility” in key locations (Black). There are three different concepts 
and Predator can stay aloft for more than 40 hours in a single mission. These parts are cut on 5-
axis CNC cutting machine. The Predator also has a honeycomb core in few key locations. 
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Propellers are made of carbon fiber/epoxy. “Composites have enabled us to build very light and 
very strong, long-endurance aircraft that have proven themselves in combat,” concludes Cassidy 
(Black). The price tag of a Predator B is about 10 million dollars per aircraft.  
 Another UAV system that makes a good trade study is the Altavian NOVA F7200. This 
drone main objective is to collects data. Instead of using flimsy foam and fragile plastic, it has 
upgraded to rugged composite construction that can tackle the toughest jobs. Features like a large 
wing for slow flight, big control surfaces for precise and smooth 6-axis control, and oversized 
motor to power through wind make this aircraft stand out from the crowd. The F7200 is built strong 
and designed for easy maintenance and repair to keep you flying for years (Altavian NOVA F7200, 
2017). 
 In “The Spitfire Wing Planform: A Suggestion”, many topics regarding to the design of 
elliptical wings are mentioned.  One of the most important item mentioned is the characteristics 
and design technique.  The elliptical wing was mentioned that it was very difficult for design and 
production, but in exchange, was very aerodynamically efficient at higher altitudes. With the 
efficiency so high, the aircraft could produce more lift, and be more maneuverable. The dihedral 
of the wing was based from the wing spar, which will curve into the base of the fuselage.  The 
increased angle of incidence also provided more lift, which in return, allows longer endurance. 
The team will elect to go with a similar design approach utilized by Supermarine when they 
designed the Spitfire, but will find a way to make the wing manufacturing simpler. 
 A good and unique unmanned aerial vehicle on the market is The Zeta Sky Observer 
Skylark. The Sky Observer is made up of EPO (Expanded Polyolefin) foam, 3K wrapped carbon 
fiber rods and wood frame cockpit as sheen in Figure 2.1.1. The main wings have two carbon tube 
for reinforcement and the wings can be removed. This model also has an option to stiffen the wing 
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with more slots for rods. It also has plenty of space for electronics and FPV equipment. The length 
of the Sky Observer is 59.5 inches and wingspan is 78.7 inches. The flying weight is from 5.5-6.6 
lbs. depending on avionics added to the UAV. Average action time for this aircraft is two hours 
(Ali). 
 
 For this project, the base model we will reference from is called Believer. Believer is a 
flight platform with industry class aerial survey. It has the characteristics of portability, easy 
operation, friendly operation, stability and durability. The whole assembly of modular design 
make phototopography simple and quick, quick detachable wings, the ventral shock absorption 
and energy release enables the aircraft to have good portability and excellent user experience. 
Stratified design of the flight control cabin, the camera cabin can carry 4200W pixel camera, the 
battery compartment can accommodate a 6S 22000mah Lipo battery, bringing long battery life 
and high-quality shooting effect. With the flight control system, telemetry system, power system, 
image system can obtain stable and safe flight performance, can be applied to terrain mapping, 
agriculture, forestry, animal husbandry protection, power inspection line, environmental 
protection, water and so on (BELIEVER 1960MM WINGSPAN EPO PORTABLE AERIAL 
SURVEY AIRCRAFT RC AIRPLANE KIT). The wingspan of this aircraft is 77.2 inches and 
fuselage length is 42.2 inches. Recommended flying speed is 65.6 ft/s and stalling speed is 32.8 
ft/s. The Believer has an endurance of around 56 miles at an altitude of 1542 feet. Figure 2.1.2 is 
Figure 2.1.1 – Sky Observer 
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the Believer flying in the air taken from underneath the unmanned aerial vehicle. This aircraft is 
made from EPO material which makes it lightweight and durable. One huge difference between 
this aircraft and the Sky Observer is that the Believer fuselage is bigger and more reasonable 
fuselage capacity. Also, ergonomic design of rear fuselage that makes it more stable to throw and 
to make lifting easier. The bottom has a buffer layer design, which reduces landing impact, 
protects the fuselage and camera.  
  
Figure 2.1.2 – Believer 
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Chapter 3: Design 
3.1 Design Requirements 
 The project has some design requirements that will differ from different configurations. 
The team will try for three different configurations but will get military rescue surveillance and 
civilian search configurations at a bare minimum. The first configuration is more combat based; 
where the drone will be expected to fly over the battle field. The aircraft must meet the following 
criteria: 
• Stealth Capability must be considered and implemented into the design 
• The aircraft must be launched by hand.  
• The aircraft must be electric, no internal combustion is allowed 
• The aircraft must be lightweight.  
• The aircraft must be able to fly across multiple varieties of altitude. The altitude is up to 
300 feet Above Ground Level (AGL), but up to about 29,000 feet Mean Sea Level (MSL) 
• The aircraft may be compact, but the size must be able to successfully be taken apart and 
fit inside the container. 
• The aircraft must be capable for flight at variable speeds.  
• The aircraft must have short to medium range (no more than 180 miles) 
• The endurance must be capable to last few hours on one rechargeable battery. 
• The aircraft must be able to have multiple live feed video footage, so that the pilot and the 
command post can both gather real life intelligence for the rescue mission. This has to be 
done by having multiple cameras present on the aircraft. 
• The aircraft may be modular. 
• The cost of the aircraft cannot be more than $25,000 for manufacturing 
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3.2 Minimum Success Criteria 
 By the end of this semester we will to have a virtual prototype (CAD) of a long endurance 
general aviation level drone which can capture video. The drone will meet the following 
requirements: 
• The aircraft must have enough endurance to sustain flight for up to an hour. 
• The aircraft must be light weight. 
• The aircraft must be able to quickly be taken apart, and the parts can be sold individually. 
This may also be done by design theoretically. 
• The aircraft must be electric. 
• The cost must be economically priced, so that the cost of the SAR mission can be lowered. 
Due to the timing constraints, the team managed not to get a 3d printed prototype for 
display due to many issues related to the CFD on Solidworks. 
Verification Approach 
 The unmanned aerial vehicle components must be tested using software simulations. 
Simulations will be done with Solidworks and ANSYS will be utilized for structural and flow 
analysis. Hand calculation will also be used to verify correct values. The aerodynamic components 
that must be analyzed using flow simulations are the wings, horizontal and vertical stabilizer, and 
the propellers of the UAV. The UAV structural properties will be computed to make sure the 
aircrafts can handle the inertial forces exerted on it. The team will also analyze information 
gathered from different simulations and compare it to similar produced UAV in the market to 
verify numbers seem legitimate.  
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3.3 Problem Solving Approach 
The current approach for this project is to conduct several similar concepts that are 
produced in the industry. The team will take those specifications and consider potential design in 
the system. The team will conduct sizing of the aircraft and conduct trade studies to further 
understand the flight pattern and adjust sizing as necessary.  A minimum of two design 
configurations is required to be designed for this project, but the team will try for three, so that a 
completed line could be designed.  Computational Fluid Dynamics (CFD) will be used to test the 
flight performance of the aircraft. The team currently will try to use ANSYS and Solidworks flow 
simulation for CFD. The simulation will be used to simulate in most flyable conditions.  A physical 
prototype currently unknown due to the time, but if the team does have time allotted before the 
end of the semester, the team will try to print a 3d model. 
The team plans to interview some current United States Air Force (USAF) Pararescue 
Jumpers (PJ) to gather some ideas that will make the project more mission capable.  Volunteer 
Search and Rescue (SAR) agencies will also be reached out to get a better understanding on how 
unmanned aircraft improved safety in SAR operations. This research will allow the team to 
optimize a design within our intended budget for the consumers. 
3.4 Initial Design Concepts 
Copter-plane is a unique idea. The aircraft would contain an elliptical wing, with two 
electrical motors that would tilt during takeoff and flight. A V-tail is considered to limit 
manufacturing and assembly time. However, the fuselage will be short and stubby, like oval shape, 
which will require a tail boom on the aircraft. Figure 3.4.1 shows the conceptual drawing of 
Copter-Plane. 
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The Bald Eagle shown in Figure 3.4.2 design was based off the general shape of most 
glider designs. It features long high aspect ratio wings and a large t-tail. The is one electronic motor 
with a propeller fixed inside the nose of the aircraft. The Bald Eagle has a rounded aerodynamically 
efficient fuselage and a thin, light weight tail boom.  
 
Figure 3.4.1 – Copter-Plane 
Figure 3.4.2 – Bald Eagle 
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Sharknado design shown in Figure 3.4.3 was named for its slight shark-like profile. The 
Sharknado has twin electronic motors. The design is all simple conic or cylindrical shapes for ease 
of manufacturing. Sharknado features long high aspect ratio wings for long endurance. It also 
features a stylish triangular tail. 
 
Kakapo was designed to have a tractor configuration by having the propellers mounted on 
the wings for its propulsion shown in Figure 3.4.4. The propellers on the wings would have a 
motor on there is one more motor for the tail propeller. The wings also have an elliptical shape 
with medium to high aspect ratio. The fuselage is conic/cylindrical shape for manufacturing ease. 
This design was named after a native bird in New Zealand called Kakapo. This bird tends to have 
a conic shape. 
Figure 3.4.3 – Sharknado 
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Sweeper was another idea explored for the project. A simpler design that features wings 
that sweep. The aircraft would easily contain a high aspect ratio but would become unstable at 
flights that require higher speeds to fly.  The aircraft will be a tractor configuration, with a 
conventional shaped empennage. Figure 3.4.5 shows the significance of Sweeper. 
Figure 3.4.4 – Kakapo 
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Flexible Delta in our team's opinion believe that this design is unique. This design 
contains a pitot tube that will measure wind speed from the nose. The current configuration idea 
utilizes a delta wing with a swept empennage.  Instead of using propeller, the idea will utilize an 
internal turbofan engine, which includes air inlets and a small bypass ratio. Although this are 
some of the unique feature, the manufacturing and maintaining will be difficult. Figure 3.4.6 
shows Flexible Delta conceptual sketches. 
  
Figure 3.4.5 – Sweeper 
Figure 3.4.6 – Flexible Delta 
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Simple push was another unique design. Instead of using a tractor configuration, the 
propeller will be at the back of the aircraft, which will “push” the plane forward. The needed 
electronics for SAR operations will be just outside the front, which will give a better view of the 
search area. The aircraft will also contain H-tail, which allows better control for pitch and yaw. 
Figure 3.4.7 shows the Simple Push. 
  
Decision Matrix 
 The team decided the best way to decide which initial design best suited our requirements 
was to create a decision matrix presented in Table 3.4.1 and Table 3.4.2. As a team, we came up 
with important categories that each design needed to be evaluated on. Some of the categories that 
we decided on was aerodynamic efficiency, long endurance, and stability of the aircraft. The team 
Figure 3.4.7 – Simple Push 
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then rated each design in that category on a scale of 1-5 where 1 is a bad design. Also, each 
category was determined a specific weight to it to determine how important that category is. This 
helped to quantify and differentiate each category on requirements set for the project.  We based 
it on a scale of 1-10 where 10 is very important. Table 3.4.2 shows the team rated scores for each 



















<weight> 3 4 1 3 6.5 2 4 6.5 4.5 5 6   
Kakapo 9 12 3 9 26 8 10 16.25 15.75 15 24 148 
Sharknado 10.5 14 3 8.25 22.75 8 12 19.5 15.75 12.5 24 150.25 
Bald Eagle 10.5 6 2.5 6 29.25 7 16 26 13.5 15 16.5 148.25 
Copter-
Plane 
7.5 8 2.5 7.5 19.5 7 12 16.25 9 10 9 108.25 
Sweeper 9 16 3.5 12 19.5 6 12 22.75 15.75 15 18 149.5 
Simple 
Push 
9 12 2.5 9 19.5 7 12 13 12.375 13.75 18 128.125 
Flexible 
Delta 
11.25 12 2.5 9 17.875 10 12 13 13.5 15 15 131.125 
 
 Looking at Table 3.4.2, Sharknado and Sweeper are very close in terms of final score. 
















<weight> 3 4 1 3 6.5 2 4 6.5 4.5 5 6  
Kakapo 3 3 3 3 4 4 2.5 2.5 3.5 3 4 35.5 
Sharknado 3.5 3.5 3 2.75 3.5 4 3 3 3.5 2.5 4 36.25 
Bald Eagle 3.5 1.5 2.5 2 4.5 3.5 4 4 3 3 2.75 34.25 
Copter-
Plane 
2.5 2 2.5 2.5 3 3.5 3 2.5 2 2 1.5 27 
Sweeper 3 4 3.5 4 3 3 3 3.5 3.5 3 3 36.5 
Simple 
Push 
3 3 2.5 3 3 3.5 3 2 2.75 2.75 3 31.5 
Flexible 
Delta 
3.75 3 2.5 3 2.75 5 3 2 3 3 2.5 33.5 
Table 3.4.1 – Category Scores 
Table 3.4.2 – Weighted Category Scores 
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stability. Sweeper highlighted in green which came in second has better manufacturability and 
modularity. The team elects to crossbreed the design of Sharknado and Sweeper design. 
Avionics 
Initial considerations for the aircraft’s electronics have begun to take place. The most 
favored conceptual sketches include only one electric motor. As a starting point, we considered 
our motors to require 7lbs of thrust, where our craft should have a weight of around 20lbs. This 
gives a thrust to weight ratio of about 0.35. The motors we are considering who claim the capability 
of outputting 7lbs of thrust with one motor are the CM-4012/20, C4130/12, C4130/14, 
KDE10218XF-105. These Motors as well as a few others can be seen in Table 3.4.3 below.  
 
Motor  AT2306 C2814/20 CM-2826-
EF1 
C4120/12 CM-4012/20 C4130/12 C4130/14 AT2310 KDE10218XF-
105 
Thrust (g) 897 1580 1904 3741 2780 4914 4473 1436 3430 





3.5397435 2.0095886 1.6676208 0.84874 1.142140 0.646144 0.709848 2.211107 0.92569971 
Weight for 
all Motors  




        30 65 60 42.31 142 
Power Max 
(W) each 




        22 22.15384615 22.16666667 15.51051761 22.2 to  60.9 
Price Unit         $69.99  $87.99  $87.99  $27.99  $815.95  
 
We have made this figure and will continue to expand and eliminate members as the project 
continues. As we come to the stage where electronic component are in place we will choose the 
best motor for our mission, this decision should be finalized before the next review and an 
electronics layout will begin after the fuselage is lofted. 
Table 3.4.3 – Motors Specification 
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Below is Table 3.4.4, which contains a few receiver options for the aircraft. The receiver 
is the component that talks to the control system for the drone. The most important feature for us 
to consider is the range the receiver can reach and still be in contact with the pilot, this means the 
receiver may limit the range of the UAV. Research needs to be conducted on the quality and how 
fast a receiver can send signals to the control of video/images since time and quality are important 
during combat and rescue situations. More research needs to be done to find the furthest range for  
receivers on the market and what range will satisfy the needs of this project.  
 
 
Receiver  FlySky FS-
iA6 
FS2A  FrSky XM+ SBUS mini 
receiver 
FuriousFPV Stealth Long Range 2.4G Video 
transmitter 
Weight  6.4 g  0.9 g 1.6 g 8.5 g  
Current draw 
(amps ) 
  20mA 30mA   
Range    400+ m  FULL range    
Supply Voltage  4-6.5 V 3.3-10V 3.7-10V 7.4 - 25.2 V 
Price $9.99  $7.13  $13.99  $49.99  
 
The battery is the heaviest component for the electronics. A Table 3.4.5 compiling a few 
Li-Po batteries can be seen below.  
 








Tattu Plus 12000mAh 
22.2V 




13 16 13 22 12 5.5 
Volts  11.1 11.1 14.8 22.2 22.2 22.2 
Cell 
Count  
3S 3S 4S 6S 6S1P 6S1P 
Watt 
Hours  
144.3 177.6 192.4 488.4     
Weight  740 g  1055 g 1098 g 2752 g  1670 g  771 g 
Price  $144.99  $174.99  $179.99  $449.99  $263.99  $132.00  
 
Table 3.4.4 – Receiver Specification 
Table 3.4.5 – Battery 
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The main purpose of these electronics tables was to approximate the weight for our power 
system. Reviewing the compiled lists, we determined weight ranges for the items. This is compiled 






The total electronics weight estimation can now be used for initial weight estimations for the UAV.  
3.5 Preliminary Design Approach 
 Preliminary Design was approached by finding initial sizing calculations so the team could 
then look for specific airfoils, tail geometry, and avionic.  
Airfoil Selection 
The airfoils on the aircraft determine how the plane flies. There are several factors that 
highly influence how an airfoil performs. These factors are camber, thickness, Reynold’s number, 
and assumed rigidity. These physical factors will affect the coefficient of lift and coefficient of 
drag. Based off similar high endurance drones, the DAE-21 airfoil has been initially selected. 
Airfoils that were considered are the NACA 6412, NACA 4415, FX 63-137, FX 61-147, S1223, 
and the Eppler 210. 
Object Weight Estimate 
Motor 300-600g  
Receiver 1-10g 
Camera 200-1000g 
Battery 1000-5000g  
Total Electronics  1500-7000 g  
Table 3.4.6 – Component Weight Estimation 
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The NACA 6412 airfoil shown in Figure 3.5.1 is a low Reynolds number airfoil. The 
NACA 6412 has a maximum thickness of 12% at 39.6% of the chord and a max camber of 6% at 
39.6 % of the chord  (NACA 6412 (naca6412-il)). The NACA 6412 airfoil stalls at the coefficient 
of lift at about 1.6 or an angle of attack at around 12 degrees (NACA 6412 (naca6412-il)). 
 
Figure 3.5.2 is the NACA 4415 airfoil has a maximum thickness of 15% at 30.9% of the 
chord. The max camber is 4% at 40.2% of the chord. The NACA 4415 airfoil stalls at around a 
coefficient of lift of about 1.5 or an angle of attack around 15 degrees (NACA 4415 (naca4415-
il)). 
 
Figure 3.5.1 – NACA 6412 
Figure 3.5.2 – NACA 4415 
Figure 3.5.3 – FX 63-137 
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The FX63-137 is a very low Reynolds number airfoil shown in Figure 3.5.3. The maximum 
thickness is 13.7% at 30.9% of the chord. The max camber is 6% at 53.3% of the chord. The airfoil 
stalls at a coefficient of lift around 1.7 or an angle of attack of around 11 degrees (WORTMANN 
FX 63-137 AIRFOIL (fx63137-il)). 
 
Figure 3.5.4 is the FX 61-147 and is a low Reynolds number airfoil. The maximum 
thickness is 14.8% at 33.9% of the chord. The maximum camber is 3.2% at 33.9% of the chord. 
The airfoil stalls at a coefficient of lift of around 1.5 or an angle of attack of 10 degrees  (FX 61-
147 AIRFOIL (fx61147-il)). 
 
The S1223 is a high lift and low Reynolds number airfoil which is shown in Figure 3.5.5. 
The maximum thickness is 12.1% at 19.8% of the chord. The maximum camber is 8.1% of the 
chord at 49% of the chord. The S1223 airfoil stalls at around a coefficient of lift of 2.25 or a angle 
of attack of 14 degrees (S1223 (s1223-il)). 
Another airfoil considered for the design is the Eppler 210. The airfoil is designed for low 
RE application, whereas the thickest part of the airfoil is located approximately one-third of the 
Figure 3.5.4 – FX 61-147 
Figure 3.5.5 – S1223 
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chord length of the airfoil shape. From analysis of the airfoil from airfoiltools.com, we can 
determine that the airfoil shape is very aerodynamic and will produce high Cl/Cd ratio at stall 
angle. Figures 3.5.6 and Figure 3.5.7 shows the airfoil shape and Cl vs Angle of Attack (AOA) 
respectively. Chart shows the estimated performance in terms of Cl under typical environment 
(brownish-yellowish) and dirty environment (blue) (E210 (13.64%) (e210-il)). 
 
 
Figure 3.5.6 – Eppler 210 
Figure 3.5.7 – Eppler Cl v Alpha Graph 
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The final airfoil that was investigated deeper Drela (DAE)-21. This airfoil is another 
known airfoil that is designed for lower RE conditions.  A similar shaped airfoil from the same 
series used in current UAVs for the United States military. The airfoil showed promise in Cl/Cd 
when the RE was at 100000 and 200000. The airfoil characteristics shows that it is capable at 
sufficient in performance at higher speeds. Figure 3.5.8 and Figure 3.5.9 show the DAE-21 
airfoil shape and Cl vs AOA when RE is at 100000(yellow) and 200000(green). 
 
 
When looking at the airfoil, we are expecting the RE values to be between 100000 and 
200000. Airfoils that are cambered and shaped more of tear drops contains higher Cl/Cd values. 
Figure 3.5.8 – DAE-21 
Figure 3.5.9 – DAE-21 Cl v Alpha Graph 
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We get two airfoils that are very similar in performance. To properly select the airfoil, the team 
also compared the Cl/Cd values at Re 200000. The selected airfoil in table # is in green due to 
having a slightly higher Cl/Cd under faster speed than other predecessors. Table 3.5.1 also shows 
all the other airfoil ideal Cl/Cd and Cm values at 100000 RE. 
 
 
Initial wing sizing has been done in excel using calculations from Raymer’s (Raymer). 














Table 3.5.1 – Airfoil Comparison 
Table 3.5.2 – Initial Wing Sizing 











Wing	 		 	Empty	Weight	CG	 Payload	Weight	CG	 Difference	
Wing	Span	(ft)	 		 Empty	Weight	Sum	(pounds)	 Loaded	Weight	Sum	(pounds)	 		
4.89	 		 4.28	 4.28	 0%	
Wing	Chord	(ft)	 		 Empty	CG	from	Front	(inches)	 Loaded	CG	from	Front	(inches)	 		






2.65	 		 -0.01	 -0.01	 0%	
Aspect	Ratio	 		 		 		 		
9.03	 		 Tail	Sizing	 		 		
		 		 		 Elevator	 Rudder	
Wing	Loading	
(lb/ft^2)	
		 Dist	from	Wing	Cm	(in)	 48	 48	
0.88	 		 Tail	Chord	(in)	 7.79	 5.87	
		 		 Tail	Span	(in)	 31.16	 8.80	
Engine	 		 Control	Surface	Chord	(in)	 3.35	 2.35	
		 		 Control	Surface	Span	(in)	 13.40	 3.52	
Thrust	to	Weight	 		 Aspect	Ratio	Tail	 4	 1.5	
0.93	 		 		 		 		
 
 Table 3.5.4 an excel document was created for more accurate sizing based off historical 
data. This document uses inputs for wing sizing and a weight and Center of Gravity table to 
determine the other characteristics of the aircraft. The wing of the aircraft was initially sized by 
Table 3.5.3 – Initial Wing Parameter 
Table 3.5.4 – Initial Sizing 
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using a spreadsheet to determine the needed cl/cd values for the airfoil at certain flight conditions. 




This Table 3.5.5 above shows the current estimated weights for the aircraft. The weight of 
the fuselage and wings are estimated based off similar aircraft from a design competition called 
SAE Aero Design Micro class.  
Tail 
 For the tail the team elected to choose the NACA 0012 airfoil shown in Figure 3.5.10 for 
both the horizontal and vertical stabilizers. The NACA was chosen because it is an appropriate 
and symmetric airfoil and team members have had prior experience working with this airfoil 
successfully.  
 
Table 3.5.5 – Estimated Weights 
Figure 3.5.10 – NACA 0012 
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The NACA 0012 airfoil has a maximum thickness of 12% at 30% of the chord. The NACA 0012 
airfoil has no camber. The NACA 0012 airfoil stalls at a lift coefficient of 1.45 or an angle of 
attack around 15 degrees (NACA 0012 AIRFOILS (n0012-il)). The fact that the NACA 0012 
airfoil has no camber and stalls at a high lift coefficient made it desirable as a tail airfoil.  
Preliminary calculations where carrier out to size the vertical and horizontal stabilizers for 
the tail. These formulas were taken from Aircraft design: a conceptual approach and the 



























Table 3.5.6 – Horizontal Stabilizer 
Table 3.5.7 – Horizontal Stabilizer Parameter 
Table 3.5.8 – Vertical Stabilizer 












The values found in the table were used to create solid works models for the horizontal and 
vertical stabilizer configuration. The following Figure 3.5.11 show the completed model. Part (a) 
shows a front view of the CAD drawing and part (b) shows a diagonal view of tail. The team opted 
to go with a crucifix tail. Refer to Appendix D for more views. This is because they wanted to have 
the benefits of removing the tail from the wake of the wings without committing to a full T-tail 
because of complex moment balance involved with a T-tail configuration. It is important to note 
that this is the preliminary tail and after flow analysis the tail may change in geometry to improve 
the tail or overall design.   
 
Table 3.5.9 – Vertical Stabilizer Parameter 
(a) 
Kennesaw State University  Page 40 of 87 
 
Avionics 
After reviewing similar drones with advance electronics systems, the designers decided to 
choose the following electronics shown in Table 3.5.10. These electronics where based on our 
historical trade study of the sky observer. 
 
 
Part	 Weight	(grams)	 Volume	(mm)^3	 estimated	price	
Radio:	2.4G	7ch	TX	/7ch	RX		 10	 39*28.5*14.5	 $82.49		
Battery:	Li-Po/	3S	11.1V/5200-10000mAh/25C		 638	 165*64*32	 $83.99		
Propeller:	12*6	prop		 19	 		 $5.17		
Motor:	Out-runner	brushless	4250	KV950		 245	 363168.1108	 $42.50		
ESC:	Brushless	60A	ESC		 32	 31.5*27.5*24	 $44.99		
Figure 3.5.11 – Crucifix 
(b) 
Table 3.5.10 – Electronic Selection 
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3.6 Schedule 
 Currently, the team assignment role is mainly on research.  Research topics currently are 
current cost per combat rescue mission, electronics to carry out the intended mission, making an 
aircraft stealth, and research past military projects on this related topic, and innovate them into our 
current project. After the research, we will then estimate the aircraft weight, pilot station, and begin 
preliminary sizing based in Aircraft Design (ISYE 3802). After the first iteration, a rough design 
on Solidworks will be created, and CFD will be conducted. We will continue to run iteration 
changes until we developed an enough design that will allow us to market the SAR surveillance 
aircraft. 
3.7 Mission Profile  
 
The current mission profile on Figure 3.7.1 shows the projected segments of the flight. The 
aircraft will be assembled quickly and hand-launched. The climb is expected to take about 5 
minutes max in case of rough weather or rough terrain is present, but ideally no longer than 3 
minutes. The aircraft should then be expected to increase speed and cruise at higher speed upwards 
of 20 mins to the search area. The loiter was determined that the UAV will fly around in the search 
Figure 3.7.1 – Mission Profile 
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area at slower speeds and attempt to gather live feed of the searched area. Once the UAV finds the 
intended rescue target, the UAV will keep communication live feed to the pilot, where the pilot 
will provide what they see to the rescuers. If needed, the UAV will drop needed supplies to help 
the person in distress until the rescuer arrives. The aircraft will continue to stay over the search 
area until the rescuer leaves, then fly back to the pilot, where the aircraft will land and be 
disassembled.  The next phase will include altitude in Above Ground Level (AGL), expected 
speed, climb rate, endurance, and range. 
3.8 Project Management 
Just like any other project, project management is critical to executing the project.  The 
Project Manager (PM) is often required to keep the project together while meeting the intended 
scope, time, and potential cost. With the three goals in mind, the following phases are a log of the 
PM accomplishments. 
Phase 1 
 For the PM side, the Work Breakdown Schedule (WBS) was first established to set 
preliminary tasks to complete to determine the project. Figure 3.8.1 shows the WBS chart in terms 
of our intended goals of the project. 
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The WBS shows the outline for the scope of the project. Currently, phase 1 and 2 are about 
completed. The team spent several days on researching electronics, UAV configurations and flight 
characteristics, and stealth materials and strategies. For phase 2, the propulsion and circuit parts 
are researched and will be selected in the next phase. The team also started to do rough sizing 
calculations for wing sizing, Reynold’s Number (RE), and proper sizing and shape for potential 
airfoils for the UAV.  
Another topic covered in terms of project management was determining what each member 
is to do on this project. The easiest way to obtain this idea is to perform Responsible Accountable 
Consult and Inform (RACI) matrix.  The matrix is shown in Figure 3.8.2.  
Figure 3.8.1 – Work Breakdown Schedule 
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The RACI matrix was simulated as a team with each member holding couple positions. To 
further simulate this project as a real one in the industry, the team elected to also include the 
mechanic, who will be responsible of maintaining, repairing, and communicating with engineers 
within the team on any deficiencies within the design, and the pilot to communicate with the 
engineers on potential features to add to the design in case of future iterations. As expected, the 
sub-tasks to complete the project shows that multiple disciplines are required to work together to 
successfully move to the next stage of the project. Each member holds at least two positions. 
Phase 2 
For phase 2, the basic characteristics of the project were mainly focused. It is known that 
scope, time, and cost make up a project. As the project progressed, it was determined that the team 
could only produce a successful airframe of the aircraft. This originally changed the criteria from 
the original deliverable due to several issues that came up with the project. The biggest challenge 
Figure 3.8.2 – RACI Matrix 
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faced was the Computational Fluid Dynamics (CFD) on Solidworks. Solidworks consistently gave 
the wrong lift force value, and occasionally, crashed multiple computers when the simulation was 
attempted. Several design changes also resulted in many time being waster, so that the original 
idea of the project can be preserved. Figure 3.8.3 shows the basic project triangle diagram that 
outlines the basics of scope refinement, cost, and time that the team focused on for the second half 
of the project. 
 
With the updated tasks in hand, the team mainly put a huge emphasis on the scope. The 
scope originally included detail CAD design of the aircraft’s connections, but that part was halted 
after several design changes were enacted because of issues pertaining to Solidworks CFD. Part 
of the reason is the wings of the aircraft. With elliptical wings being considered for design, the 
team had to direct their attention to techniques for wing design. However, the team shifted gears 
Figure 3.8.3 –  Project Triangle 
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into keeping the aircraft small enough to technically be considered for taking apart and eventually 






3.9 Member Responsibilities 
 Everyone contributed with the design process of the UAV. Some of the specialization of 
each team member are listed below: 
Juan: Technical Documentation Sub-lead, Economist Specialist, Aerodynamics  
Josh: Designer, Manufacturing Processes, CFD and FEA 
Keegan: Electronics and Propulsion specialist, Designer, Sizing 
Robert: Project Lead, Sizing, Designer, Manufacturing Processes 
3.10 Available Resources 
 Dr. Khalid knowledge in the field will assist the team as needed. Once research phase is 
completed team will design the unmanned aerial vehicle using SOLIDWORKS. Microsoft office 
software will also be used to catalogue research process, documentation, and presentation. 
Contacting United States Air Force (USAF) for additional information and experience to add 
credibility to our paper will be another resource. Robert is also a Search and Rescue (SAR) 
volunteer, who has experience, and can provide some insight to improve the project. The team will 
also use ANSYS which is a comprehensive software suite that spans the entire range of physics, 
providing great computational fluid dynamics (CFD) for this research of our aircraft.  
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3.11 Budget 
 This being a research project, cost estimation will be a rough estimate of general knowledge 
of a UAS system. The team will strive to make a system that does not reach a budget above 25,000 
dollars. Depending on different factors price could fluctuate. As research goes on the team will 
have a better estimation of a general budget that we would like to achieve. Most of our budget will 
be going towards electronics, control systems, and the battery because those parts will be the most 
expensive. One of the most expensive drones that we found was the microdrone md4-1000 DG - 
mdMapper1000 DG package and the cost 64,900.00 dollars. The Phantom 4 pro is a drone that is 
more suitable for the public and it cost 1,500.00 dollars. Reaper Drones cost about $2,500-3,500 
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Chapter 4: Electronics, Propulsion, & Camera 
4.1 Batteries 
The final decisions for avionics are made based on the following equation. The first 
equation considered was the equation for endurance. Since our team wanted a loiter time of about 
1 hr we took the endurance equation and solved for the mass of the battery required. Since we 
know the energy density we also found the amps required. The following is the endurance equation 




Where E is endurance.  
 mb is the mass of the batteries. 
 Esb is the energy density of the batteries. For lithium ion batteries, the energy density can be 
assumed as 265 Wh/kg. 
Pused is the average power to run the aircraft systems this is found by adding the amount of power 
to keep the aircraft in steady level flight plus the power to run the cameras receivers or any other 
miscellaneous systems to be added. The power to maintain steady level flight was found to be 903 
Watts using Thrust required to maintain steady level flight (1.389 lbs) time velocity of the aircraft 
(60 mph).  
η is the efficiency of the electronics. Since our systems our relatively efficient we use a 0.9 
This equation can be re-arranged to solve for mass of the batteries for 1 hour of endurance the 
result is 698.935 g for the mass of the batteries.  
Using the same configuration as before just putting the batteries into parallel means we would use 
2 li-po 11.1V batteries in parallel. Calculating the endurance using 2 of the chosen batteries in the 
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above equation give an endurance of 1 hour 50 minutes. This gives us a range of 109.5 miles. The 







Before final drag tests were completed Table 4.1.1 was made to estimate the endurance and range 
for different drag values on the aircraft, to determine the appropriate amount of batteries. 
4.2 Camera 
The camera payload chosen to be the primary source for reporting ground information back 
to the viewer is a Zenmuse Z30. This is a camera package which includes its own internal battery 















2.22 26.8 0.9 265 249.4591195 0.391001755 1276 5.115066559 306.9039935 
6.22 26.8 0.9 265 698.9350105 1.095509421 1276 1.825634688 109.5380813 
8.9 26.8 0.9 265 1000.083857 1.567529557 1276 1.275893007 76.55358041 
17.79 26.8 0.9 265 1999.044025 3.133297845 1276 0.638305102 38.29830611 
31.14 26.8 0.9 265 3499.169811 5.484592181 1276 0.364657924 21.87947546 
Figure 4.1.1 – Battery  
Table 4.1.1 – Electronics Drag 
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and gimbal, produced by the DJI company. A Company which is known for making photography 
drones. This camera is already used in the industry in similar missions for the mission we are 
interested designing for mostly aerial surveillance. This camera payload can be seen below in 
Figure 4.2.1.  
 
A second camera will be used as for greater pilot visibility. The second camera is runcam 
eagle 2 pro shown in Figure 4.2.2. This camera was chosen because its small and lightweight 
nature. Also, because team members previous work with this companies’ cameras. 
 
Figure 4.2.1 – Zenmuse Z30 
Figure 4.2.2 – Runcam Eagle 2 Pro 
Kennesaw State University  Page 51 of 87 
4.3 Motor & Propeller 
The motor was chosen based on its features. Seen below in Figure 4.3.1-part a is an image 
of the actual motor part a as well as a cad part of the motor shown in part b. The propeller is a 12-
inch diameter propeller. The following calculation is down to show the amount of prop-wash 
hitting the aircraft frame. 
𝑇 = .5𝜌𝐴(𝑉34 − 𝑉64) 
The equation can be rearranged given the thrust required for cruise to calculate the speed of flow 
exiting the engine. This is found to be 6.6 m/s. 
 
 




Figure 4.3.1 – Brushless Motor 
(b) 
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Component		 Weight	(g)	 Volume	(Milliliter)	 Cost		
Batteries		 1276	 																					1611.7		 $167.98		
Cameras		 571	 1290.9	 $3,048.99		
Radio	 10	 16.1	 $83.99		
Motor		 245	 363.2	 $42.50		





Table 4.3.1 – Electronic Selections 
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Chapter 5: Fuselage 
5.1 Initial Design  
The initial design of the fuselage is to store electronics, serves as electronics holder, and to 
hold all critical electronics, propulsion system, and lifting surfaces needed to sustain flight for the 
intended mission. The team originally shared an idea of making the aircraft circular shaped due to 
increase in efficiency in aerodynamic performance from lower drag. But one of the biggest 
concerns regarding the fuselage was determining the way to contain the electronics, and allow 
quick assemble for rapid deployment in case of hand launch for a SAR mission. The team went to 
the drawing board and spent several hours to determine the efficient design.  
With the quick assemble in mind, the team agreed to make the fuselage telescopic. This 
would allow to keep the aircraft compactable, but still fit within the original idea of keeping the 
aircraft inside the box. Figure 5.1.1 shows the initial conceptual design on Solidworks resulting 
from those meetings. 
 
Figure 5.1.1 –  Fuselage CAD 
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Chapter 6: CAD/CFD 
6.1 Initial CAD	
The CAD of the project was conducted using Solidworks educational edition. The design 
required the use advanced features, such as surface modeling and topology studies. Geometric 
Dimension and Tolerancing (GD&T) was also implemented into the CAD drawings to further 
make the parts more geometrically accurate, which allows tighter and more accurate fit. The initial 
idea of the aircraft is to be simple, but very efficient for its intended mission shown in Figure 
6.1.1-part a and b. The wings are originally to be rectangular for ease in sizing, with a known 
airfoil that is used in military service. The DAE-21 airfoil is our original selected airfoil due to its 
similarity in MQ-1 Predator. The fuselage is circular shaped, with a long body. The team had some 
concerns with the horizontal stabilizers receiving airflow still disturbed from the wing. This 
potential issue made the team believes that the performance of the empennage would not be 
optimized unless the horizontal stabilizers are raised above the wing. From that belief, the team 
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6.2 Preliminary CAD 
The conceptual CAD of the aircraft was a direct result of the initial sizing of the aircraft. 
The aircraft had to assume rectangular wings with DAE-21 as the selected airfoil. After deeper 
research was conducted on the airframe and its characteristics, a decision was made to conduct 
few iterations. The first noticeable changes were the wings shown in Figure 6.2.1-part a. The 
aircraft design changed the wing shape to elliptical due to being known for its aerodynamic 
efficiency. However, since the wing is more efficient when it is elliptical shaped, the 
manufacturing process would be designed to maintain the efficiency while manufacturing the wing 
as simple possible. The second noticeable change was a dihedral angle was instilled into the design. 
The team opted to go with 3.5 degrees for dihedral to promote aircraft stability. The team believes 
that this approach will allow the aircraft to fly in rougher weather conditions as well as faster 
speeds. The last change was the airfoil shape. Upon further analysis from a list of airfoils listed 
previously, it is determined that Eppler 210 would be our go to airfoil due to very high Cl/Cd and 
Figure 6.1.1 – Initial CAD Model 
(b) 
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high angle needed to achieve aerodynamic stall. Figures # and # shows the preliminary CAD 
design of the aircraft currently. The current next steps are to fully design the inside of the aircraft. 
 
 
However, the team continues to be happy with crucifix empennage because of the height 
distance with respect to the wing. The wing will be attached at the lower half of the fuselage, so 
that the operator can place electronics inside the fuselage without interference of the wing. The 
team is still maintaining circular shaped fuselage due to circular shapes are generally known for 
being very aerodynamic. 
(a) 
Figure 6.2.1 – Preliminary CAD Model 
(b) 
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6.3 Final CAD 
Conceptual Fluid Dynamics 
 CFD simulations were run on both the wing by itself as well as the whole aircraft.  
A CFD of the whole aircraft had to be conducted to determine the drag of each individual 
component which is shown in Table 6.3.1 of the aircraft to determine the aircraft lift to drag ratio. 
Determining this ratio allowed the team to determine the flight endurance. Figure 6.3.1 shows the 
flow trajectories of particles going around the aircraft and Figure 6.3.2 demonstrate the contours 
of pressure on the aircraft. 
 
 
Figure 6.3.1 – Flow Trajectories 
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Component Drag (lbf) 
Fuselage 0.378 
Motor 0.034 
Zenmuse Camera 0.211 
FPV Camera 0.057 
Horizontal Stabilizer 0.107 
Vertical Stabilizer 0.077 
Total except wing 0.864 
 
 CFD Simulations were also run on the wing by itself. This is to get more accurate results 
on the wing due to the required mesh size and computational time. Four different types of wings 
Figure 6.3.2 – Pressure Contours 
Table 6.3.1 – Drag Components 
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were analyzed for the simulation. Figure 6.3.3 shows a picture of the elliptical wing that the 
























126.546 0.864 5.024 1.23 55.7 
4 7.44041 0.15821 47.0287 0.864 7.279 1.79 80.7 
6 10.9317 0.412306 26.5135 0.864 8.565 2.11 94.9 
8 13.4246 0.52502 25.5609 0.864 9.665 2.38 107.1 
10 15.3779 0.476617 32.2647 0.864 11.47 2.82 127.1 
12 18.4753 0.472111 39.1334 0.864 13.83 3.40 153.3 
 
Figure 6.3.3 – Elliptical Wing 
Table 6.3.2 – Wing Data 
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 With an angle of incidence of five degrees chosen, the plane lift over drag ratio will be 
7.922. This will provide an endurance of almost 2 hours and a range of almost 88 miles at 45 mph. 
The different designed wings analyzed are shown in Appendix F. The data received from 
simulation are presented in Table 6.3.3. 
 
Wing AOA (degrees) Lift (lbf) Drag (lbf) Wing L/D 
Elliptical 4 7.44 .158 47 
Swept 4 4.93 0.10 48.1 
Taper 4 4.42 0.078 56.6 
Rectangular 4 3.72 0.361 10.3 
 
The following graphs were produced from running multiple CFD simulations under different wind 
conditions. 
 
Figure 6.3.4 – Plane Aerodynamics vs. AOA 
Table 6.3.3 – Angle of Incidence Data 
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Figure 6.3.5 – Drag vs. AOA 
Figure 6.3.6 – Plane Aerodynamics vs. Crosswinds 
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 After the final evaluations were made using Solidworks flow simulation of the drone 
assembly, some performance values were found. The team decided the most important values for 
a pilot are Vx , best climb speed for a given distance, Vy , best climb speed for a given amount of 
time, and Vg , best speed for glide. The following equations were taken from the Raymer aircraft 
























Figure 6.3.7 – Drag vs. Crosswind AOA 
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6.4  Drawing 
After completing the CAD sizing and CFD, the following 2D drawing was produced. 
 
  
Figure 6.4.1 – 2D Drawing of UAV 
Table 6.3.4 – Performance Data 
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Chapter 7: Material Selection and Manufacturing 
7.1 Manufacturing Strategy 
With the low budget in mind, the team researched many manufacturing techniques capable 
for making the aircraft parts while minimizing costs. The team explored more in depth with making 
the wings simple to produce and fuselage compactable.  With the belief of combining both additive 
and subtractive manufacturing, the cost can be greatly reduced if the amount of man hours to 
produce the part is reduced. Therefore, this process will most likely need to use additive 
manufacturing and some overnight Computer Numerical Control (CNC) process.  
Two of the biggest considerations for selecting manufacturing process was determining the 
cost of the part and limiting errors in production. The cost is very significant because of many 
factors are considered to foresee the cost.  The estimated cost of the manufacturing process is 
determined by: 
 
From the previous equation, it is assumed that labor and time (rate) costs are the most 
significant.  The overhead cost also assumes during lights out manufacturing, where process also 
occurs without any human interaction.  Set up cost mainly factors on parts and materials needed, 
coding, and setting correct files to print the correct part, but is typically low. Parts cost includes 
materials for the finished product. By understanding the basics of cost, we can better optimize 
productions to certain times of the day. 
A potential idea the team explored is using Fused Deposition Modeling (FDM) through 
additive manufacturing (Palermo). The idea of FDM is to create layer by layer of thermoplastic 
parts that are designed in shapes of lattice structures to reduce weight and maximize the forces the 
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aircraft will face. This approach will most likely be used for enclosures, which will mainly be the 
fuselage. By using FDM, we can use lights out manufacturing and will greatly reduce cost and 
weight of the product when being compared to injection molding, CNC machining, or casting.  
For composite manufacturing, the team concluded that either prepreg or wet layup would 
be best for our intended application. Both methods will allow curing time without human 
interaction, but the heat application on prepreg will theoretically be more expensive because of 
overhead and set-up costs. However, it is general knowledge that epoxy resins will cure faster 
under heat but will present more errors in the parts. Our intended procedure of the composite 
process will be best sufficient is we use wet lay-up due to lower costs, increased safety due to no 
semi extreme heat element present, and allows curing longer times with vacuum, which will 
remove access resin and eventually reduce weight.   
7.2 Manufacturing Technique Selection 
As history progressed in aviation, it was very known to aircraft designers that elliptical 
wings are very efficient but are a pain to manufacture. The group considered many ways the team 
can produce the wing. With dihedral angle being implemented into the wing design, we can assume 
that the spar and its connection will be partially bent, which improves manufacturability in the 
wing by keeping it level on a work surface.  The team considered both doing metallic ribs and 
solid foam. 
The team considered potential materials for the wing ribs. The two potential materials 
investigated deeper included balsa and aluminum 7075.  Balsa is well-known in RC industry for 
being very light and having some of the highest strength to weight ratio amongst other wood. But 
when introduced to military applications, where the conditions may often be extreme, and balsa 
will fail structurally when wet or when the aircraft crashes. Aluminum 7075 is another known 
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material that serves for aerospace applications, but at the cost of price. A honeycombing technique 
will be needed to emulate light weight somewhat similar to balsa. The Figure 7.2.1 below shows 




Although a feasible idea, it is determined the cost will be high due to honeycombing. The 
projected machine to use for the cut is a waterjet, where the entire aircraft wing ribs can be cut out 
at one time. With the honeycombing, the aircraft is capable to meet the mission requirements. 
(a) 
(b) 
Figure 7.2.1 – Wing Ribs 
(c) 
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Another method that is being considered is using military grade foam as a solid wing. The 
foam will have to be cut using CNC foam cutter, which allows less parts, and ideally, lower weight. 
The foam would be able to withstand impacts and allow carbon fiber to attach more easily. This 
process would not take as long when compared to the manufactured ribs.Using wet layup process, 
the foam wings will reduce cost, and be lighter, but at the cost of additional drag. 
 There were many manufacturing techniques that were considered for the aircraft. The 
aircraft wing had two manufacturing process explored; subtractive as ribs or a solid wing. The 
subtractive as ribs technique would involve cutting ribs from aluminum, and having multiple spars 
that would run through the wing. But one issue was discovered for this process; the cost would be 
very significant because the machine would require long time for set up and the manufacturing 
will only occur during hours of operation.  This process will then go through composite 
manufacturing process that would last for about a day. This process would be deeply considered 
if the operation cost is low. 
 The subtractive as a solid wing consists of foam that would be cut down using a heated 
wire. This is used to keep detailed shaped on the wing. The foam cutting process would not take 
as long, which greatly limits cost for the manufacturing the wing. The composites would better 
hold on to the wings because of more contact surface. The composite manufacturing would 
estimate to be more expensive than the foam cutting itself.  With the smaller cost, the team elects 
to use the foam for the wings, with the spars running through the wing for 18 inches inside the 
wings. The spars will directly connect to the fuselage and will be secured using a connection 
mechanism. 
 The weight of the empennage is a great concern due to the moment the empennage 
produces with respect to the wing.  To limit the weight, the foam manufacturing process is again 
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selected to the empennage. This will also limit cost and weight, which will also lessen the moment, 
and help keep the center of gravity towards the quarter chord of the wing. 
 The fuselage was the last concern for the team.  The largest concern the team had with the 
fuselage was the weight and cost of the manufacturing. The team had considered subtractive and 
additive manufacturing processes for the fuselage. 
 The subtractive process explored was casting, and machining. This process would work 
best with materials like aluminum, but will come with a great cost and is believed to be heavy due 
to the length of the fuselage. Injection molding of polymer was strongly considered, but it was 
determined for injection at such large size would contain higher percentage of achieving errors, 
which will exponentially drive the cost up.  With the team understanding the risks of using these 
processes, the subtractive process was ruled out to keep the cost low.  
 The additive process is commonly known for cost saving and building the part by layers. 
With this process, multiple materials may be used for this type of printing. Table 7.2.1 shows the 
types of materials used for this process. By analysis and team personal experience with additive 
manufacturing, it is determined that Material Extrusion (ME) would be the best candidate because 
of flexibility of using different materials. With weight being concerned, it is elected to go with 
thermoplastic polymers, whereas the density is noted with different percentage of infills are 
presented in Table 7.2.2. When the infill is at 100%, it is considered solid, and will be heaviest at 
that percent. For aerospace application, the team elected to use infill at 50% for structural reasons, 
but at least weight as possible. The materials listed in table<y> are noted for popularity for additive 
manufacturing, and are occasionally used for aerospace applications. This process is selected for 
fuselage with composite layup for strength and stealth capability, and is known for limiting cost 
by using lights-out manufacturing. 





7.3 Material Selection 
 The material selection is critical for estimating manufacturing cost.  With the foam wing 
with composite layup selected for manufacturing, this will greatly reduce cost.  The estimated cost 
per material is mentioned in Table 7.3.1. 
 
 
Table 7.2.1 – Additive Manufacturing Selection 
Table 7.2.2 – 3-D Print Application Weight 
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Component Vendor/ Part 
Number 
Cost per unit ($) Quantity Total cost 
($) 
Carbon Fiber 3k 2x2 
twill 
Fibreglast/1069 44.99 10 449.99 
Al 6061-T6 




4.53 2 9.06 
Al 6061-T6 




1.93 2 3.86 
Polystyrene foam, 
3”x2’x3’, 1lb density 
Foam Factory 25.99 2 51.98 
Epoxy set 
(Estimated) 
Fibreglast 180 1 180 
3D Print Material 
(Estimated) 
Stratysys 200 1 200 
Tooling set-up 
(Estimated) 
Fibreglast 120 1 120 




Table 7.3.1 – Estimated Cost (Materials) 
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Polystyrene foam is one of the most popular foam for aerospace application. Due to its 
weight, the wing can weigh very little, but be extremely sturdy.  Carbon fiber will be used to 
increase strength, allow multiple impacts, and allow stealth capability. With a lot known for 
polystyrene, this material is ideal for core of the wings and empennage. 
Aluminum 6061-T6 is known to have a very high strength to weight ratio. This aluminum 
alloy is also generally known for being one of the cheapest alloy as well as popular, which results 
in lower cost. So therefore, Aluminum 6061-T6 is selected material for the spars for the wings, 
and the empennage. 
To select the materials for the fuselage, a material comparison is conducted by comparing 
the material properties, shown in Table 7.3.2. With the reason to keep the weight down, the metals 
were instantly eliminated, which only results in polymers. The team mainly has experience with 
two polymers, ABS and ASA. ASA is a little less dense, and provides better UV protection, which 
makes it more ideal but at the cost of price. ASA also contains greater strength, which also allows 
for less infill. So there, from analysis material table and properties, it is determined that the ASA 
polymer is the selected material with 40% infill, which equates weight to .93 lbs before composites 
(Gibson, Rosen and Stucker) 
 
 
Table 7.3.2 – Material Properties 
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7.4 Cost and Trade Studies 
To calculate cost, the equation for each criterion for cost is determined by equation shown 
below. Each component uses that formula, and will be added to get the grand total. The team 
selected to use own values as of running a machine shop, as shown in Table 7.4.1. The entire cost 




Overhead cost is estimated to cover the cost of power and time of operation. Labor factors 
machinists that produce products. Set-up cost is mainly for determining the cost for setting up 
manufacturing process, which includes CAD. 3D print rate is factored into the cost by the hour, to 
cover the cost for repairs and replacement for when the time comes. Post processing factors time 
for finishing touches after manufacturing process. Operation cost is used as a fixed rate for 
utilization of services. 
When estimating the fuselage cost, there are two factors considered. The first factor is the 
time of the manufacturing process. The team estimated 18 hours for the print, with 2 additional 
hours for post-processing.  The second factor is composites, where the bulk of the cost is the 
operation for 20 hours. With these two factors, the team use estimation of times for calculate an 
Table 7.4.1 – Cost 
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estimated cost. From Table 7.4.2, the estimated cost is determined by the Table 7.4.1 with respect 
to time. The unit is in United States Dollar (USD). 
 
 
A manufacturing trade study is conducted on the wings. The wings are calculated using 
three different processes; Aluminum 6061-T6 ribs, Aluminum 7075 ribs, and polystyrene foam. 
The team assumed the same amount of time for aluminum ribs, so therefore the cost between the 
materials is strongly factored. Since Aluminum is known to be soft, the manufacturing time for Al 
6061-T6 is a little less than Al 7075. By using same calculations as shown in Table 7.4.3 and Table 




Table 7.4.2 – Composites Cost 
Table 7.4.3 – Wing (Aluminum 7075) Cost 
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As originally noted the cost of the materials and less time on Al6061-T6 is the main factor 
for the cost of the wings. But again, this is assuming the set-up, overhead, operation, and composite 
manufacturing costs are the same. A general trend can be assumed that softer materials are always 
cheaper to manufacture. 
The polystyrene foam wings are the cheapest method for production because of quicker 
time for manufacturing. The time is greatly reduced, but required more composites for higher 
strength. With this process in mind, the team also factored in the cost for the empennage. Using 




 With these three different processes, the cost is compared to the overall manufacture of the 
aircraft in terms of airframe. An additional of $114 is factored into the cost for extra tools, like 
wiring and zip ties. By using the cost equation as previously noted, the cost total is shown in Table 
Table 7.4.4 – Wing (Aluminum 6061-T6) Cost 
Table 7.4.5 – Empennage Cost 
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7.4.6. The highlighted section is the foam wing, which is also the cheapest to manufacture and is 






Table 7.4.6 – Manufacturing Aircraft Cost 
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Chapter 8: Conclusion 
8.1 Conclusion 
 The aircraft successfully meets our mission criteria. The cost calculated is within our 
requirements. The aircraft was successfully sized around the electronics and allows utilization of 
additive manufacturing techniques. Composite manufacturing with military grade foam allows 
aircraft to be quickly repaired and land hard. Project management techniques showed that with 
utilization of Work Breakdown Structure (WBS) chart, the team managed to specifically outline 
the scope of the project with very limited time.  
Also, due to issues resulting from Design, CFD, the aircraft forced the team to change the 
scope of the project. The aircraft is expected to meet endurance, range, and weight. The aircraft is 
expected to be compacted to the container. Manufacturing cost is lower than expected. Aircraft 
performance may require future iterations and expected cost of operation is lower. Our future work 
includes detailing the aircraft skin, CAD release mechanism for quick assembly, develop pilot 
station, detail manufacturing and assembly processes for a more accurate cost. and design a 
container for the housing of the aircraft.  
8.2 Future Recommendation 
 Recommended future work for this project is as follows: 
• Detail the CAD that will factor in composites, connections, and container 
• Perform detailed electronics experiment to get specific values 
• Construct Physical Prototype 
• Perform Project Management Cost Analysis for all duration of the project 
• Finalize Manufacturing cost and time (After CAD) 
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• Research higher quality materials and integrate it into design 
• Explore advanced experimental manufacturing processes 
• Conduct Materials properties experiment 
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Appendix C: Reflection 
 This project challenged the team in many different areas. These challenges were tackled 
straight on to create a beautiful masterpiece. Also, the challenges faced strengthen everyone’s 
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weakness and made us a better overall student. This project increased our knowledge in this 
industry. 
Appendix D: Top & Side Views of Crucifix Tail 
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Appendix E: Battery Specific Energy & Density Table 
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Rectangular Wing 
 
